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METHOD FOR INACTIVATING RED TIDE 
ALGAE AND HARMFUL 
DINOFLAGELLATES 

BACKGROUND OF THE INVENTION 

I. Field of the Invention 

The present invention relates to a technique for inactivat 
ing organisms and more particularly to a method and system 
for inactivating red tide algae and harmful dino?agellates. 

II. Description of the Related Art 

OZone is a tri-atomic oxygen (O3) gas that is created 
commercially When oxygen (O2) is exposed to a high 
voltage electrical discharge. OZone is a poWerful oxidiZing 
agent that is highly efficient in the removal of soil and other 
contamination materials (e.g., from textiles). This property 
makes oZone especially suited for Washing laundry. The 
application of oZone to commercial laundry system is dis 
closed in U.S. Pat. No. 5,493,743, entitled “OZONE 
ASSISTED LAUNDRY WASH PROCESS AND WASTE 
WATER TREATMENT SYSTEM”, issued Feb. 27, 1996; 
U.S. Pat. No. 5,241,720 entitled “LAUNDRY WASTE 
WATER TREATMENT AND WASH PROCESS”, issued 
Sep. 7, 1993; U.S. Pat. No. 5,181,399, entitled “LAUNDRY 
WASTE WATER TREATMENT AND WASH 
APPARATUS”, issued Jan. 26, 1996; and U.S. Pat. No. 
5,097,556, entitled “LAUNDRY WASTE WATER TREAT 
MENT AND WASH PROCESS”, issued Mar. 24, 1992. 
These patents are incorporated herein by reference. 

In a seemingly unrelated ?eld, red tide algae and other 
harmful dino?agellates are organisms that usually live 
beloW the Water surface (i.e., three to four feet beloW the 
surface). Red tide algae and dino?agellates generate odor 
naturally in Warm temperature and absorb organic com 
pounds in Water. Red tide algae and dino?agellates also 
consume oxygen in the Water, thereby depleting the oxygen 
content and causing ?shes (and others) to die due to lack of 
oxygen. In addition, red tide algae can attach to the gill of 
?shes. This can cause infection in ?shes that can eventually 
lead to death. 

Therefore, it is desirable to provide a method and process 
to inactivate red tide algae and harmful dino?agellates 
Without harming the ?shes. 

SUMMARY OF THE INVENTION 

The inventors of the present invention have discovered an 
unusual application of a relatively obscure technology—the 
use of oZone to inactivate red tide algae and harmful 
dino?agellates. The inventors reached the present invention 
through the realiZation that: (1) oZone is one of the most 
poWerful oxidiZing agent knoWn; (2) oZone is a disinfectant 
and biocide that kills viruses and potential pathogenic 
microbiological organisms such as bacteria; (3) oZone can 
be used to inactivate red tide algae and harmful dino?agel 
lates; and (4) oZone can provide oxygen to the Water supply, 
thereby improving the conditions for ?shes, shell?sh, and 
others. 

The present invention provides a method for inactivating 
harmful organisms (e.g., red tide algae and dino?agellates). 
The method includes the steps of supplying ambient air to a 
“conditioning” unit to generate conditioned air; passing the 
conditioned air to an oZone generator to generate oZone; 
mixing the oZone With Water, from a Water source, that 
contains the harmful organisms to generate oZonated Water; 
delivering the oZonated Water back to the Water source to 
achieve dilution of the harmful organisms; at least partially 
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2 
isolating the Water source from external Water to prevent 
quick dilution of the oZonated Water; and continually circu 
lating Water in the Water source through the mixing step. The 
harmful organisms are inactivated by exposure to the oZone. 

The present invention further provides a system for inac 
tivating harmful organisms. The system includes a “condi 
tioning” unit for receiving ambient air and providing con 
ditioned air; an oZone generator coupled to the conditioning 
unit for receiving the conditioned air and generating oZone; 
an injector operably coupled to the oZone generator for 
receiving the oZone and also operably coupled to a Water 
source for receiving Water that contains harmful organisms, 
the injector mixing the oZone With the Water to generate 
oZonated Water; an oZone sensor for measuring an oZone 
concentration level in the Water source; and an oZone 
monitor coupled to the oZone sensor and operably coupled 
to the injector, the oZone monitor generating a signal indica 
tive of the oZone concentration level in the Water source. 
Again, the harmful organisms are inactivated by exposure to 
the oZone. 

The foregoing, together With other features and advan 
tages of this invention, Will become more apparent When 
referring to the folloWing speci?cation, claims and the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features and advantages of the present invention Will 
become more apparent from the detailed description set 
forth beloW When taken in conjunction With the draWing in 
Which like reference characters identify correspondingly 
throughout and Wherein: 

FIG. 1 illustrates one embodiment of an oZone system for 
inactivating red tide algae and dino?agellates. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

FIG. 1 illustrates one embodiment of an oZone system 100 
for inactivating red tide algae and dino?agellates. OZone 
system 100 includes an oZonated subsystem 110, various 
monitors, a control panel, sensors, and a special net. 

Within oZonated subsystem 110, ambient air is provided 
through an inlet 112 to a compressor 114. It is Well knoWn 
in oZone generation that drier air and higher oxygen con 
centration in the air result in more oZone being produced. 
Therefore, it is advantageous to control the moisture content 
of the incoming air by controlling the temperature of the air. 
This is accomplished by passing the ambient air through 
compressor 114. Compressor 114 can also be a conventional 
air conditioning unit. The dried and cooled air is then passed 
through a line 116 to an (optional) oxygen concentrator 118 
that separates nitrogen from oxygen. Oxygen concentrator 
118 increases the oxygen concentration of the air (i.e., 
possibly from 20% to 80—90%). Compressor 114 and oxy 
gen concentrator 118 are examples of “conditioning” units 
that condition the air to produce the desired air character 
istics. Other “conditioning” units can also be used. 

The high oxygen content and dried air is then fed over 
through a line 120 to an oZone generator 122. In one 
embodiment, oZone generator 122 produces a high-voltage 
electric discharge that disassociates an oxygen molecule into 
tWo oxygen atoms. OZone (O3) is formed When one of these 
oxygen atoms simultaneously collides With tWo molecules, 
one of Which is oxygen (O2). The amount of oZone produced 
can be controlled or varied by adjusting a voltage regulator 
(VR) 124 that is coupled to oZone generator 122. The 
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generation of ozone using high-voltage electric discharge is 
described in the aforementioned US. Pat. No. 5,097,556. 

The oZone is then passed through a kynar tube 126 and 
mixed With Water by means of an injector or a pump, or both. 
Sea or fresh Water is draWn via an in?oW ?exible hose 128 
by a vacuum or piston pump 130 and provided through a line 
132 to an injector 134. The oZone in kynar tube 126 can be 
provided through an optional check valve 136 to injector 
134. Check valve 136 prevents the back-?oW of Water from 
entering oZone generator 122. 

Injector 134 uses its efficient ability to create a vacuum at 
its suction port 138 to generate the desired suction for the 
oZone. This vacuum is created by a small amount of differ 
ential pressure betWeen an inlet 140 and an outlet 142 of 
injector 134. When pressuriZed Water enters inlet 140, it 
constricts toWard an injection chamber Within injector 134 
and changes into a high velocity jet stream. The increase in 
velocity through the injection chamber, as a result of the 
differential pressure, causes a decrease in pressure in the 
injection chamber. This pressure drop enables oZone to be 
draWn through suction port 138 and dynamically injected 
into the moving jet stream. At this point, the red tide algae, 
harmful dino?agellates, or other living organism are disin 
fected by the oZone and die instantly or soon thereafter. The 
disinfection is effective When the concentration of oZone is 
maintained above a predetermined threshold. The oZonated 
Water is then injected through outlet 142, through an out?oW 
?exible hose 144, and back to a Water source 150. Water 
source 150 is a holding facility that holds fresh Water or 
seaWater. Water source 150 can be an enclosed Water source 

of an open Water source. 

The Water Within Water source 150 continually circulates 
via in?oW ?exible hose 128 and out?oW ?exible hose 144 
unless oZone system 100 is turned off either automatically by 
a control mechanism described beloW or manually. The 
control mechanism monitors the oZone and oxygen content 
and adjust the operation of oZonated subsystem 110 accord 
ingly to provide the desired condition. A control panel 160 
couples via Wire 162 to a dissolved oZone monitor 164. 
Dissolved oZone monitor 164 continually measures, via an 
oZone sensor 168, the dissolved oZone level in the Water 
Within Water source 150. Predetermined high and loW oZone 
thresholds are used to respectively turn off and on oZonated 
subsystem 110 to maintain an optimal amount of oZone in 
the Water. 

Similarly, control panel 110 couples via Wire 172 to a 
dissolved oxygen monitor 174. Dissolved oxygen monitor 
174 is used to determine the oxygen content in the Water. 
Detection of the oxygen content in the Water is performed by 
an oxygen sensor 178. If the oxygen content falls beloW a 
loW oxygen threshold, ?shes can die from de-oxygenation. 
Also, When red tide algae appears in the Water, it consumes 
oxygen in the Water and causes the oxygen content to 
deplete. If the oxygen content falls beloW a predetermined 
loW oxygen threshold, dissolved oxygen monitor 174 signals 
this condition to control panel 160 Which can then turns on 
oZonated subsystem 110 via control signals over Wires 182, 
184, and 186. Concurrently, an optional alarm 190 can turn 
on in response to this loW oxygen content condition to alert 
?shermen or operators. Alternatively, dissolved oxygen 
monitor 174 can also request control panel 160 to turn off 
oZonated subsystem 110 When the oxygen content exceeds a 
predetermined high oxygen threshold. Thus, energy can be 
conserved When oZonated subsystem 110 is not required. 

In some embodiment, Water source 150 is enclosed by a 
special (but optional) open bottom net 152. Open bottom net 
152 can be made of ?exible material (i.e., a nylon sheet) to 
prevent dilution of the enclosed and oZonated Water With 
Water from outside Water source 150. Open bottom net 152 
can also include an open bottom 154 to alloW the exchange 
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4 
of normal Water (i.e., Without the red tide algae) beloW the 
Water surface. The depth of open bottom net 152 depends on 
the characteristics of the red tide algae or dino?agellates. In 
an example application, open bottom net 152 alloWs 
exchange of Water at ?ve feet beloW the Water surface. 
By enclosing the ?sh cultivation area With open bottom 

net 152, the process reduces the exchange of the internal 
Water With the outside contaminated Water. Enclosing Water 
source 150 also helps maintain the oZone concentration at or 
near the optimal level. Open bottom net 152 help maintains 
the oZone concentration required to kill the red tide algae. In 
an enclosed environment (i.e., With no other Water coming 
in) open bottom net 152 is an optional item. In some other 
environments, open bottom net 152 may not be needed. 
The present invention provides a process to effectively 

inactivate red tide algae and harmful dino?agellates. By 
using an oZone generating subsystem, seaWater or fresh 
Water (i.e., containing red tide algae and harmful 
dino?agellates) is pumped and mixed With oZone gas using 
an injector. The red tide algae and harmful dino?agellates 
are inactivated upon contact With an appropriate concentra 
tion of oZone. The Water is then released back into the 
holding facility, thereby diluting the existing bacteria count 
and reducing the oxygen demand in the Water. The process 
continually circulates the Water until the red tide algae and 
harmful dino?agellates are inactivated to an acceptable 
level. 
The present invention also bene?cially increases the oxy 

gen supply in the Water via the oZone injection. Ordinarily, 
during the presence of red tide algae, a portion of the oxygen 
supply in the Water is consumed, leaving little oxygen, if 
any, for ?shes. With the present invention, the oZone (or 
tri-atomic oxygen O3) that is injected into the Water disin 
fects the red tide algae and then dissolved into ordinary 
oxygen (O2). The dissolved oxygen from the oZone reaction 
remains in the Water, thereby increasing the oxygen supply 
that is important to the survival of ?shes. The present 
invention can increase the oxygen content in the Water by a 
factor of up to tWo, or three, or possibly even more. 
The control mechanism of the present invention provides 

the required performance While minimiZing poWer con 
sumption. The dissolved oxygen monitor and dissolved 
oZone monitor, along With the appropriate oZone and oxygen 
sensors, alloW for automatic control of the system to protect 
?shes from excess oZone exposure, to save energy 
consumption, and to reduce cost. Ordinarily, Without the 
presence of red tide algae, Water is safe for ?shes and the 
condition is normal. HoWever, the oxygen content in Water 
decreases during the presence of red tide algae, and for a 
short period after the red tide algae is inactivated. The 
dissolved oxygen monitor continually measures the oxygen 
content in Water. If the oxygen falls beloW a predetermined 
loW oxygen threshold, the oxygen monitor triggers an 
optional alarm and, concurrently, requests the control panel 
to turn on the oZonated subsystem. Alternatively, if the 
oxygen content exceeds the predetermined high oxygen 
threshold, the oZonated subsystem can be turn off tempo 
rarily to conserve energy. 

Besides monitoring oxygen content, the control mecha 
nism can also monitor oZone concentration in the Water. 
Excess oZone exposure can be harmful to ?shes and can 
even cause mortality. On the other extreme, loW oZone 
concentration may not be effective in inactivating red tide 
algae and harmful dino?agellates. The dissolved oZone 
monitor measures the oZone level in Water and continually 
compares the measured level With the predetermined high 
and loW oZone thresholds. If the oZone level exceeds the 
predetermined high oZone threshold, the dissolved oZone 
monitor signals the condition to the control panel. The 
control panel then shuts off the oZonated subsystem to 
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discontinue the ozone production. Alternatively, if the oZone 
level is beloW the predetermined loW oZone threshold, the 
oZonated subsystem is turned on to increase the oZone 
concentration in the Water. 

The present invention overcomes a technical challenge 
created by injecting oZone directly into open Water. In 
particular, the challenge arises because oZone gas quickly 
dilutes in Water and results in a loW oZone concentration. 
With the use of a high speed jet stream, the red tide algae and 
harmful dino?agellates are inactivated Within the injector. 
The present invention also overcomes the challenge of 
preventing quick dilution of oZonated Water. The use of the 
open bottom net reduces the rate of dilution. 

The present invention can be used in an open Water source 
or an enclosed Water source. Examples of open Water 
sources include, but are not limited to, a pond, a lake, a river, 
a sea, and an ocean. Examples of enclosed Water sources 
include, but are not limited to, commercial tanks (i.e., 
restaurant, aquarium, of?ce, ?sh shop, super-market, Wet 
market, food processing center, homes), an enclosed pond, 
and a pool. 

Although the present invention has been described in the 
context of inactivating red tide algae and other harmful 
dino?agellates, the present invention can be extended to 
inactivating other organisms, microorganisms (such as bac 
terial and viruses), and others. The organisms can be inac 
tivated by using the strong disinfecting poWer of oZone to 
rupture the cells of these organisms. 

In summary, the present invention provides a cost effec 
tive method and system for inactivating red tide algae and 
harmful dino?agellates While concurrently increasing the 
dissolved oxygen content in Water. Importantly, the ?shes 
are not harmed by the process. As an additional bene?t, the 
process converts ammonium in Water into nitrates, thus 
reducing the possibility of a future red tide outbreak. 

The previous description of the speci?c embodiments is 
provided to enable any person skilled in the art to make or 
use the present invention. The various modi?cations to these 
embodiments Will be readily apparent to those skilled in the 
art, and the generic principles de?ned herein may be applied 
to other embodiments Without the use of the inventive 
faculty. Accordingly, the draWings and detailed description 
are to be regarded as illustrative in nature and not as 
restrictive. Thus, the present invention is not intended to be 
limited to the embodiments shoWn herein but is to be 
accorded the Widest scope consistent With the principles and 
novel features disclosed herein, and as indicated by the 
appended claims. 
What is claimed is: 
1. A method for inactivating harmful organisms in Water 

comprising: 
generating oZone from air; 
injecting the oZone into Water from a Water source that 

contains the harmful organisms, Wherein the harmful 
organisms comprise red tide algae or dino?agellates, or 
both, and the Water contains ?shes or shell?sh, or both; 

inactivating the harmful organisms by exposure to an 
appropriate concentration of the injected oZone; and 

maintaining the concentration of oZone in the oZonated 
Water above a pass threshold determined effective to 
inactivate the harmful organisms Without harming said 
?shes or shell?sh. 

2. The method of claim 1, further comprising: 
delivering the oZonated Water back to the Water source to 

achieve dilution of the harmful organisms; and 
continually circulating Water in the Water source through 

the injecting. 

6 
3. The method of claim 1, further comprising: 
monitoring an oxygen concentration level in the Water 

source; and 
activating the generating and injecting if the oxygen level 

5 is beloW a loW oxygen threshold. 
4. The method of claim 1, further comprising: 
monitoring an oZone concentration level in the Water 

source; and 
suspending the injecting if the oZone concentration level 

is above a high oZone threshold. 
5. The method of claim 1, Wherein the oZone generating 

comprises: 
supplying air to a conditioning unit to generate condi 

tioned air; 
passing the conditioned air to an oZone generator to 

generate the oZone, Wherein the oZone generator con 
verts the conditioned air to oZone using a high voltage 
electric discharge. 

6. The method of claim 5, Wherein the oZone generator is 
controlled by a voltage regulator to produce a desired 
amount of oZone. 

7. The method of claim 1, further comprising: 
at least partially isolating the Water source from external 

Water to prevent quick dilution of the oZonated Water. 
8. The method of claim 1, Wherein the harmful organisms 

comprise bacteria or algae, or both. 
9. The method of claim 1, Wherein the harmful organisms 

are inactivated by rupturing cells of the organisms using a 
strong disinfection poWer of oZone. 

10. The method of claim 1, further comprising: 
circulating the oZonated Water into the Water source to 

increase oxygen supply in the Water source. 
11. The method of claim 1, further comprising: 
oxidiZing an available ammonium in the Water source into 

nitrates to reduce a risk of future outbreak of the 
harmful organisms. 

12. The method of claim 1, Wherein the Water source is an 
open Water source. 

13. The method of claim 1, Wherein the Water source is an 
enclosed Water source. 

14. A method for inactivating harmful organisms com 
prising: 

supplying air to a conditioning unit to generate condi 
tioned air; 

passing the conditioned air to an oZone generator to 
generate oZone, Wherein the oZone generator converts 
the conditioned air to oZone using a high voltage 
electric discharge; 

injecting the oZone into Water from a Water source that 
contains the harmful organisms, Wherein the harmful 
organisms comprise red tide algae or dino?agellates, or 
both, and the Water contains ?shes or shell?sh, or both; 

inactivating the harmful organisms by exposure to an 
appropriate concentration of the injected Ozone; 

10 

25 

45 

55 maintaining the concentration of oZone in the oZonated 
Water above a particular threshold determined effective 
to inactivate the harmful organisms Without harming 
said ?shes or shell?sh; 

delivering the oZonated Water back to the Water source to 
achieve dilution of the harmful organisms; 

at least partially isolating the Water source from external 
Water to prevent quick dilution of the oZonated Water; 
and 
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continually circulating Water in the Water source through 
the injecting. 


